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A standard proposition in open-economy macroeconomics is that a central-bankengineered increase in the real interest rate makes domestic government debt more attractive and leads to a real appreciation. If, however, the increase in the real interest rate also increases the probability of default on the debt, the effect may be instead to make domestic government debt less attractive, and to lead to a real depreciation. That outcome is more likely the higher the initial level of debt, the higher the proportion of foreign-currency-denominated debt, and the higher the price of risk.
Under that outcome, inflation targeting can clearly have perverse effects: An increase in the real interest in response to higher inflation leads to a real depreciation.
The real depreciation leads in turn to a further increase in inflation. In this case, fiscal policy, not monetary policy, is the right instrument to decrease inflation.
This paper argues that this is the situation the Brazilian economy found itself in in 2002 and 2003.
In 2002, the increasing probability that the left-wing candidate, Luiz Inacio Lula da Silva, would be elected, led to an acute macroeconomic crisis in Brazil. The rate of interest on Brazilian government dollar-denominated debt increased sharply, reflecting an increase in the market's assessment of the probability of default on the debt. The Brazilian currency, the Real, depreciated sharply against the dollar.
The depreciation led in turn to an increase in inflation.
In October 2002, Lula was indeed elected. Over the following months, his commitment to a high target for the primary surplus, together with the announcement of a reform of the retirement system, convinced financial markets that the fiscal outlook was better than they had feared. This in turn led to a decrease in the perceived probability of default, an appreciation of the Real, and a decrease in While the immediate danger has passed, there are general lessons to be learned.
One of them has to do with the conduct of monetary policy in such an environment.
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Despite its commitment to inflation targeting, and an increase in inflation from mid-2002 on, the Brazilian Central Bank did not increase the real interest rate until the beginning of 2003. Should it have? The answer given in the paper is that it should not have. In such an environment, the increase in real interest rates would probably have been perverse, leading to an increase in the probability of default, to further depreciation, and to an increase in inflation. The right instrument to decrease inflation was fiscal policy, and in the end, this is the instrument which was used.
The theme of fiscal dominance of monetary policy is an old theme, running in the modern literature from Sargent and Wallace [1981] "unpleasant arithmetic" to Woodford's "fiscal theory of the price level" [2003] (with an application of Woodford's theory to Brazil by Loyo [1999] .) The contribution of this paper is to focus on a specific incarnation, to show its empirical relevance, and to draw its implications for monetary policy in general, and for inflation targeting in particular. The paper has two sections: Section 1 formalizes the interaction between the interest rate, the exchange rate, and the probability of default, in a high-debt, high-risk-aversion economy such as 
A simple model
In standard open economy models, a central-bank-engineered increase in the real interest rate leads to a decrease in inflation through two channels. First, the higher real interest rate decreases aggregate demand, output, and in turn, inflation. Second, the higher real interest rate leads to a real appreciation. The appreciation then It is whether and when, once one takes into account the effects of the real interest rate on the probability of default on government debt, an increase in the real interest rate may lead, instead, to a real depreciation. This is the question taken up in this model, and in the empirical work which follows. The answer is clearly only part of what we need to know to assess the overall effects of monetary policy, but it is a crucial part of it. A discussion of the implications of the findings for overall monetary policy is left to the conclusion of the paper.
The model is a one-period model. The economy has (at least) three financial assets:
• A one-period bond, free of default risk, with nominal rate of return i.
Inflation, π, will be known with certainty in the model so there is no need to distinguish between expected and actual inflation, and the real rate of return r on the bond (in terms of Brazilian goods) is given by:
(1 + r) ≡ 1 + i 1 + π I shall think of r as the rate controlled by the central bank (the model equivalent of the Selic in Brazil).
• A one-period government bond denominated in domestic currency (Reals), with stated nominal rate of return in Reals of i R .
Conditional on no default, the real rate of return on this bond, r R , is given by:
Let p be the probability of default on government debt (default is assumed to be full, leading to the loss of principal and interest). Taking into account Brazil 6 the probability of default, the expected real rate of return on this bond is given by:
• A one-period government bond denominated in foreign currency (dollars), with stated nominal rate of return in dollars of i $ .
Conditional on no default, the real rate of return (in terms of U.S. goods) on this bond, r $ , is given by:
where stars denote foreign variables, so π * is foreign (U.S.) inflation.
Conditional on no default, the gross real rate of return in terms of Brazilian goods is given by:
where denotes the real exchange rate, and primes denote next-period variables.
Taking into account the probability of default, the gross expected real rate of return on this bond is given by:
Equilibrium rates of return
We need a theory for the determination of r R and r $ given r. I shall stay short of a full characterization of portfolio choices by domestic and foreign residents, and simply assume that both risky assets carry a risk premium over the riskless rate,
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so their expected return is given by:
and
Both assets are subject to the same risk, and so carry the same risk premium.
The parameter θ reflects the average degree of risk aversion in the market. The probability of default p proxies for the variance of the return. For empirically relevant, values of p, the variance is roughly linear in p, and using p simplifies the algebra below. 1
Note the two roles of the probability of default in determining the stated rate on government debt. First, a higher stated rate is required to deliver the same expected rate of return; this is captured by the term (1 − p) on the left in both equations. Second, if investors are risk averse, a higher expected rate of return is required to compensate them for the risk; this is captured by the term θp on the right in both equations.
Capital flows and trade balance
The next step is to determine the effect of the probability of default, p, and of the real interest rate, r, on the real exchange rate, . To do so requires looking at the determinants of capital flows.
Let the nominal interest rate on U.S. bonds be i * , so the gross expected real rate of return (in terms of U.S. goods) on these bonds is (1 + r
Assume foreign investors are risk averse, and choose between Brazilian dollar bonds and U.S. government dollar bonds, so capital flows are given by:
So, using equation (1) with pV replacing pθ, the variance is implicitly defined by V (1 − p) = p((1 + r) + θV ) 2 , and depends on p, r and θ. For small values of p however, say p less than 0.2, V ≈ p.
The first two terms are the expected rates of return on Brazilian and U.S. dollar bonds respectively, both expressed in terms of Brazilian goods. The third term reflects the adjustment for risk on Brazilian dollar bonds: The parameter θ * reflects the risk aversion of foreign investors, and p proxies, as before, for the variance of the return on Brazilian dollar bonds. The higher the expected return on Brazilian dollar bonds, or the lower the expected return on U.S. dollar bonds, or the lower the risk on Brazilian bonds, the larger the capital inflows.
Using the arbitrage equation between risk-free domestic bonds and domestic dollar bonds derived earlier, the expression for capital flows can be rewritten as:
Whether an increase in the probability of default leads to a decrease in capital flows depends therefore on (θ − θ * ), the difference between average risk aversion and the risk aversion of foreign investors. If the two were the same, then the increased probability of default would be reflected in the equilibrium rate of return, and foreign investors would have no reason to reduce their holdings. The relevant case appears to be however the case where θ * > θ, where foreign investors have higher risk aversion than the market, so an increase in risk leads both to an increase in the stated rate and to capital outflows. This is the assumption I shall make here.
A simple way of capturing this is to assume that θ and θ * satisfy:
so the the average risk aversion in the market increases less than one for one with the foreign investors' risk aversion. 2 Under that assumption, capital flows are given 2. Whether sharp changes in capital flows (the so called "sudden stops") actually reflect changes
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by:
Turn now to net exports. Assume net exports to be a function of the real exchange rate:
Then, the equilibrium condition that the sum of capital flows and net exports be equal to zero gives:
In a dynamic model, would be endogenously determined. In this one-period model, a simple way to proceed is as follows. Normalize the long run equilibrium exchange rate (equivalently the pre-shock exchange rate) to be equal to one. Then assume:
with η between zero and one. The closer η is to one, the more the future exchange rate moves with the current exchange rate, and by implication the larger the real depreciation needed to achieve a given increase in capital flows.
Replacing in the previous equation gives us the first of the two relations between in risk aversion on the part of foreign investors, or other factors (factors generally referred to as "liquidity") is not important here (for an approach based on liquidity shocks, see for example Caballero and Krishnamurthy [2002] .) All these can be captured by changes in θ * . What is important is that these shifts affect foreign investors more than the average investor in the market.
and p we shall need below:
This first relation between the exchange rate and the probability of default is plotted in Figure 1 .
An increase in the probability of default increases risk. This increase in risk leads to an increase in the exchange rate-to a depreciation: The locus is upward-sloping. 3 The slope depends in particular on the degree of risk aversion, θ * . Two loci are drawn in the figure: The flatter one corresponds to low risk aversion; the steeper one corresponds to high risk aversion.
For a given probability of default, an increase in the interest rate leads to a decrease in the exchange rate, to an appreciation-the standard channel through which monetary policy affects the exchange rate. To a first approximation, the vertical shift in the locus does not depend on risk aversion. The two dotted lines show the effects of an increase in the interest rate on the equilibrium locus.
[ Figure 1 . The exchange rate as a function of the probability of default.]
Debt dynamics and default risk
The next step is to determine the effect of the real exchange rate, , and the interest rate, r, back on the probability of default, p. This requires us to look at debt dynamics.
Assume the government finances itself by issuing the two types of bonds we have described earlier, some in Real, some in dollars, both subject to default risk. Conditional on no-default, debt at the start of next period is thus given by:
where X is the primary surplus.
Using equations (1) and (2) to eliminate (1 + r $ ) and (1 + r R ), and equation (3) to replace θ by λθ * , gives:
For convenience (so we can discuss composition versus level effects of the debt), define µ as the proportion of dollar debt in total debt at the equilibrium longrun exchange rate (normalized earlier to be equal to one), so µ ≡ D $ /D, where
The above equation becomes:
A higher probability of default affects next-period debt through two channels: It leads to a higher stated rate of return on debt so as to maintain the same expected rate of return; this effect is captured through 1/(1 − p). And, if risk aversion is positive, the higher risk leads to a higher required expected rate of return; this effect is captured through λθ * p.
The last step is to relate the probability of default to the level of debt next period.
If we think of the probability of default as the probability that debt exceeds some (stochastic) threshold, then we can write:
and we can think of the function ψ(.) as a cumulative probability distribution, low and nearly flat for low values of debt, increasing rapidly as debt enters a critical zone, and then flat again and close to one as debt becomes very high.
Putting the last two equations together gives us the second relation between the probability of default and the exchange rate we shall need below:
Note that p depends on itself in a complicated, non linear fashion. To explore this relation, Figure [ Figure 2 .
The probability of default as a function of itself]
• If it has infinite support, then the shape of ψ is as shown by the locus AA".
For any level of debt, there is a positive probability of default, however small. Thus, even for p = 0, ψ is positive. As p increases, so does D , and • If it has finite support, then the shape of ψ is as shown by the locus OA'A".
In this case, there is a critical value of next-period debt below which the probability of default is zero. So long as initial debt, the interest rate, and the primary surplus are such that next-period debt remains below this critical value, increases in p do not increase ψ, which remains equal to 0. For some value of p, the probability of default becomes positive. And, as before, as p tends to one, ψ tends to one. If there is no dollar debt (µ = 0), then the locus is horizontal: p may be positive but is independent of the exchange rate.
If there is dollar debt, then the locus is either flat (if the support is finite, and the exchange rate is such that next-period debt remains below the critical level), or upward-sloping (if the exchange rate is such that the probability of default becomes positive.) If it is upward-sloping, its slope is an increasing function of the proportion of dollar debt, and an increasing function of total initial debt. Figure   3 shows two loci, one with a flat segment, corresponding to low initial debt, the other upward-sloping and steeper, corresponding to higher initial debt.
The effect of an increase in the interest rate is then either to leave the probability of default unchanged (if next-period debt remains below the critical level), or to increase the probability of default. The effect is again stronger the higher the initial
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level of debt. Figure 3 shows the effects of an increase in the interest rate on each of the two loci.
[ Figure 3 . The probability of default as a function of the exchange rate.]
1.4
The effects of the interest rate on default risk and the real exchange rate
To summarize: The economy is characterized by two equations in p and , for given values of monetary and fiscal policies, r, r * , D, X and given parameters η, θ * , µ, λ:
For lack of better names, call the first the "capital flow" relation, and the second the "default risk" relation.
The question we want to answer is: Under what conditions will an increase in the interest rate lead to a depreciation rather than to an appreciation?
From the two equations, the answer is straightforward: The higher the level of the initial debt, or the higher the degree of risk aversion of foreign investors, or the higher the proportion of dollar debt in total government debt, then the more likely it is that an increase in the interest rate will lead to a depreciation rather than an appreciation of the exchange rate. This is shown in the three panels of Figure 4 : • Figure 4a looks at the case where the government has no dollar debt outstanding, so the probability of default is independent of the real exchange rate, and the default risk locus is vertical (it was horizontal in Figure 3 , but the axes are reversed here). It shows the equilibrium for two different levels of debt, and thus two different probabilities of default. From Figure 1 , the capital flow locus is upward-sloping. The equilibrium for low debt is at A, the equilibrium for high debt is at B.
In this case, an increase in the interest rate shifts the capital flow locus down:
A higher interest rate leads to a lower exchange rate. It shifts the default risk locus to the right: A higher interest rate increases the probability of default. The size of the shift is proportional to the initial level of debt. So the larger the initial debt, the more likely it is that the increase in the interest rate leads to a depreciation. As drawn, at low debt, the equilibrium goes from A to A', and there is an appreciation; at high debt, the equilibrium goes from B to B', and there is a depreciation.
• Figure 4b still looks at the case where the government has no dollar debt outstanding and the default risk locus is vertical. It shows the equilibrium for two different values of risk aversion, and thus two different slopes of the capital flow locus. In response to an increase in the interest rate, the capital flow locus shifts down; the size of the shift is approximately independent of the degree of risk aversion.
So, under low risk aversion, the equilibrium goes from A to A', with an appreciation. Under high risk aversion, the equilibrium goes from B to B', with a depreciation. Again, in this second case, the indirect effect of the interest rate, through the increase in the probability of default, and the effect on capital flows, dominates the direct effect of the interest rate on the exchange rate.
• Figure 4c compares two cases, one in which the proportion of dollar debt, µ is equal to zero, and one in which µ is high. The equilibrium for low dollar debt is at A, the equilibrium for high dollar debt is at B. 
2
A look at the empirical evidence
The purpose of this section is to look at the evidence using the model as a guide.
More specifically, I estimate the two relations between the exchange rate and the probability of default suggested by the model, and look at whether, in conditions such as those faced by Brazil in 2002, an increase in the interest rate is likely to lead to an appreciation or, instead, to a depreciation. 5 The first step must be to obtain a time series for the probability of default, p. We can then turn to the estimation of the two basic equations.
From the EMBI spread to the probability of default
A standard measure of the probability of default is the EMBI spread, the difference between the stated rate of return on Brazilian dollar-denominated and U.S. dollar-4. In this case, the convexity and concavity of the two loci suggest the potential existence of another equilibrium with higher p and . I have not looked at the conditions under which such an equilibrium exists or not. I suspect that, again, if it does, it has unappealing comparative statics properties. denominated government bonds of the same maturity. But, clearly, the EMBI spread reflects not only the probability of default, but also the risk aversion of foreign investors. And we know that their degree of risk aversion (or its inverse, their "risk appetite") varies substantially over time. The question is whether we can separate the two and estimate a time series for the probability of default.
To make progress, go back to the capital flow equation and rewrite it as:
Invert C(.) and reorganize to get:
Define the Brazil spread as: 6
The previous equation can then be rewritten to give a relation between the spread, the probability of default, and the exchange rate:
The interpretation of equation (8) We can now turn to the econometrics.
A good semi-log approximation to equation (8), if θ * and p are not too large, is
given by:
where a = 1/(1 + r $ ), and u is equal to the last term in equation (8) divided by
• We clearly do not observe θ * , but a number of economists have suggested that a good proxy for θ * is the Baa spread, i.e the difference between the yield on U.S. Baa bonds and U.S. T-bonds of similar maturities. (In other words, their argument is that most of the movements in the Baa spread reflect movements in risk aversion, rather than movements in the probability of default on Baa bonds). If we assume that the Baa spread is linear in θ * , this suggests running the following regression:
log S = c + b Baa spread + residual and recovering the probability of default as the exponential value of c plus the residual. This however raises two issues:
• First, the residual gives us at best (log p + u), not (log p). Approximating the log probability in this way will thus be approximately correct only if u is small relative to changes in probability. This will in turn be true if
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capital flows are relatively elastic. As I see no simple way out, I shall again maintain this assumption.
• Second, the estimate of b, and by implication, the estimate of (log p) will be unbiased only if the Baa spread and the residual are uncorrelated. This is unlikely to be true. Recall that the residual includes the log of the probability of default. As we have seen in the model earlier, an increase in risk aversion, which increases the Baa spread, is also likely to increase the probability of default. Again, I see no simple way out, no obvious instrument.
As the effect of risk aversion on the probability of default is non linear however, and likely to be most relevant when θ * (and so, by implication, the Baa spread) is high, this suggests estimating the relation over subsamples with a relatively low value of the Baa spread. I shall do this below. Table 1 reports the results of regressions of the log spread on the Baa spread, using monthly data. All data here and below, unless otherwise noted, are monthly averages. The spread is defined as described above, based on the spread of the Brazilian C-bond over the corresponding T-bond rate. The Baa spread is constructed as the difference between the rate on Baa bonds and the 10-year Treasury bond rate. Table 1 instead.) Figure 5 shows the evolution of the EMBI spread, and the constructed series for p. The two series move largely together, except for mean and amplitude. The main difference between the spread and probability series takes place from early 1999 to early 2002. While the spread increases slightly, the increase is largely attributed to the increase in risk aversion, and the estimated probability of default decreases slightly during the period.
[ Figure 5 . The evolution of the EMBI spread, and the estimated probability of default.]
Estimating the capital flow relation
We can now turn to the estimation of the two relations between the exchange rate and the probability of default. The first is the "capital flow" relation, which gives us the effect on the exchange rate of a change in the probability of default. A good semi-log approximation to equation (6) is given by:
The real exchange rate between Brazil and the United States is a decreasing function of the real interest differential, and a decreasing function of the risk premiumthe product of the probability of default times the degree of risk aversion of foreign investors. The error term captures all other factors.
That there is a strong relation between the risk premium and the real exchange rate is shown in Figure 6 , which plots the real exchange rate against the risk [ Figure 6 .
The real exchange rate and the risk premium]
Turning to estimation, I estimate two different specifications of equation (9) . The first uses the nominal exchange rate and nominal interest rates; the second uses the real exchange rate and real interest rates. The only justification for the nominal specification is that it involves less data manipulation (no need to choose between deflators, or to construct series for expected inflation to get real interest rates). 7 Results using the nominal specification are presented in the top part of Table 2 . The nominal exchange rate is the average exchange rate over the month. The nominal 7. Capital flows can be expressed as a function of the real exchange rate and real interest rates, or as a function of the nominal exchange rate and nominal interest rates. But the trade balance is a function of the real exchange rate. Thus, the nominal specification is, stricto sensu, incorrect. interest rate differential is constructed as the difference between the average Selic rate and the average federal funds rate over the month, both measured at annual rates. Results using the real specification are given in the bottom part of Table 2 The results of estimation using either of the two measures for expected inflation in Brazil are sufficiently similar that I present only the results using the second series in Table 2 .
Results from lines 4 to 6 are rather similar to those in lines 1 to 3. The risk premium is highly significant. The interest rate differential is correctly signed but insignificant in the first two lines, wrong signed and insignificant in the last line.
Given the importance of the sign and the magnitude of the direct interest rate effect on the exchange rate, I have explored further whether these insignificance results for the interest differential were robust to alternative specifications, richer lag structures for the variables, or the use of other instruments. The answer is that they appear to be. Once one controls for the risk premium, it is hard to detect a consistent effect of the differential on the exchange rate.
The specification in equation (9) reflects however the theoretical shortcut taken earlier, which assumed that movements in the expected exchange rate are a constant elasticity function of movements in the current exchange rate. I have also explored a specification that does not make this assumption, and allows the exchange rate to depend on the expected exchange rate:
This equation can be estimated using the realized value of and using the same instruments as before, as they also belong to the information set at time t. The The lesson from the figure is that the coefficient on the risk premium remains consistently positive. The coefficient on the interest differential is consistently wrongsigned.
In short, the empirical evidence strongly supports the first central link in our theoretical argument, the effect of the probability of default on the exchange rate.
In contrast (and as is often the case in the estimation of interest parity conditions), there is little empirical support for the conventional effect of the interest rate differential effect on the exchange rate.
2.3
Estimating the default risk relation
The second relation we need to estimate is the "default risk" relation, which gives the probability of default as a function of the expected level of debt, which itself depends on the exchange rate, the interest rate, and the current level of debt, among other factors.
The relation we need to estimate is:
where, in contrast to the theoretical model, we need to recognize the fact that next-period debt is uncertain even in the absence of default, and there may be shifts in the threshold (for example a lower threshold if a leftist government is elected), which are captured here by u p .
The theory suggests assuming a distribution for the distance of next-period debt from the threshold, and using it to parameterize ψ(.). I have not explored this, as I believe there is not enough variation in the debt-GDP ratio over the sample to allow us to estimate the position of the cumulative distribution function ψ function precisely). So I specify and estimate a linear relation:
Next-period's debt itself is given by the equation:
This equation does not need however to be estimated.
In estimating equation (11), I consider three different proxies for ED :
• The first is simply D, the current level of the net debt-GDP ratio.
That there is a strong relation between D and p is shown in Figure 8 , which plots the estimated probability of default p, against the current debt-GDP ratio, for the period 1990:1 to 2004:1.
That expectations of future debt matter beyond the current level of debt is also made clear however by the partial breakdown of the relation during the second half of 2003. Debt has stabilized, but had not decreased further.
In contrast, the estimated probability of default, has continued to decrease.
From what we know about that period, the likely explanation seems to be the growing belief by financial markets that structural reforms, together with a steady decrease in the proportion of dollar debt 9 , implied a better long run fiscal situation than was suggested by the current evolution of debt. For this reason, I explore two alternative measure of ED :
[ Figure 8 .
The relation of the estimated probability of default to the debt-GDP ratio]
• The first measure of ED is the mean forecast of the debt-GDP ratio one year ahead. Since January 2000, the Brazilian Central Bank has collected daily forecasts of the debt ratio for the end of the current year and for the end of the following year. Using average forecasts over the month, I
construct one-year ahead forecasts of the ratio by using the appropriate The results of estimation are given in Table 3 .
Lines 1 and 2 report the results of OLS regressions, using either current or forecast debt. They confirm the visual impression of a strong relation between debt and the probability of default. There is evidence of high serial correlation, so lines 3 and 4 report AR(1) results. The relation becomes stronger when current debt is used, weaker when forecast debt is used.
OLS and AR(1) results are likely however to suffer from simultaneity bias. Any factor other than debt that affects the probability of default will in turn affect expected debt. For example, financial markets may have concluded that the election of Lula would both lead to higher debt, and a higher probability of default at a given level of debt. A natural instrument here is again the Baa spread, which affects expected debt, but is unlikely to be affected by what happens in Brazil. 10
The same instrument can be used when using the realized value of debt six months 10. The reader may wonder how the Baa spread can be used as an instrument in both the capital flow and the default risk equations. It is because it enters multiplicatively (as θ * in pθ * ) in the capital flow equation, and can therefore be used as an instrument for pθ * in that equation.
ahead (the third measure of debt I consider), as it is in the information set at time t. The next six lines report results of estimation using the current and four lagged values of the Baa spread as instruments. (1) correction. The result of estimation using six months ahead debt (instrumented)
give a negative and insignificant coefficient. It is the only negative coefficient in the table.
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In short, the empirical evidence strongly supports the other central link in the theoretical model, the link from expected debt to the probability of default. This in turn implies that any factor which affects expected debt, from the interest rate to the exchange rate, to the initial level of debt, affects the probability of default.
Putting things together
Given our two estimated relations, we can determine whether and when an increase in the domestic interest rate will lead to an appreciation-through the conventional interest rate channel-or, instead, to a depreciation-through its effect on the probability of default.
In a way, we already have the answer, at least as to the sign. In most of the specifications of the capital flow relation, we found the effect of the interest rate differential to be either wrong signed, or correctly signed but insignificant. If this is the case, only the second channel remains, and an increase in the interest rate will always lead to a depreciation... So, to give a chance to both channels, I use, for the capital flow equation, the specification which gives the strongest correctly signed effect of the interest rate on the exchange rate, line 2 of Table 2 :
For the default risk equation, I use line 6 of Table 3 , which is representative of the results in the table:
• The direct effect of an increase in the interest rate on the exchange rate is given by the coefficient on (r − r * ). Thus, given the probability of default, an increase in the Selic of 100 basis points leads to an appreciation of 21 basis points.
• The increase in the interest rate however also leads to an increase in expected debt, and thus to an increase in the probability of default, which leads to a depreciation.
The strength of this indirect effect depends on the risk aversion of foreign investors, θ * ; the initial debt-GDP ratio, D, and its composition, µ; the relation between the market and foreign investors' risk aversion, λ. Table 4 gives a sense of the sensitivity of the effect to values of D, µ and θ * .
Benchmark values are boldfaced.
• The first set of columns show the effects of different initial debt levels (keeping the other parameters equal to their benchmark values)
For debt-GDP ratios of 13%, the effect of an increase in the interest rate on the exchange rate is roughly equal to zero: The direct and indirect effects roughly cancel. The indirect effect rapidly increases with the debt ratio.
With a debt ratio of 63%, the effect of a one percentage point in the interest rate is a depreciation of 8.57%. For debt ratios above 70%, we are • The last two columns show the effect of different degrees of risk aversion on the part of foreign investors. For low risk aversion, the exchange rate actually appreciates, but by very little. But, again, as the degree of risk aversion increases, the exchange rate depreciates. As risk aversion reaches 0.8, the depreciation reaches 21.2%. And for risk aversion slightly higher than 0.8, the equilibrium again disappears.
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3
Conclusions and extensions
The model and the empirical work presented in this paper yield a clear conclusion.
When fiscal conditions are wrong-i.e. when debt is high, when a high proportion of debt is denominated in foreign currency, when the risk aversion of investors is high-an increase in the interest rate is more likely to lead to a depreciation than to an appreciation. And fiscal conditions were indeed probably wrong, in this specific sense, in Brazil in 2002.
The limits of the argument should be clear as well. To go from this model and these conclusions to a characterization of optimal monetary and fiscal policy in such an environment requires a number of additional steps:
• The model should be made dynamic. The same basic mechanisms will be at work. But this will allow for a more accurate mapping from the model to the data. In a dynamic model, the probability of default will depend on the distribution of the future path of debt, not just "next-period debt".
• The model needs to be nested in a model with an explicit treatment of nominal rigidities. This is needed for two reasons: To justify the assumption that the central bank has indeed control of the real interest rate; and to derive the effect of changes in the real exchange rate on inflation.
• The model focused on the effects of the interest rate on inflation through the real exchange rate. There is obviously another and more conventional channel through which an increase in the interest rate affects inflation, namely through the effect of the interest rate on demand, output, and in turn, inflation.
When and whether this second channel dominates the first is an empirical issue. I speculate that, in the case of Brazil, this second channel may not be very strong. The safe real interest rate has been very high over the last three or four years, remaining consistently above 10%. The real rate at which firms and consumers can borrow has been much higher than the safe real rate, averaging 30 to 40% over the same period. At that rate, few firms and consumers borrow, and the demand from those who borrow may not be Whatever the reasons, it is therefore the case that, in contrast to the conceptual experiment discussed in the paper, monetary policy did not lead to a higher real interest rate in 2002. By the time the real interest rate was indeed increased, in 2003, the commitment to fiscal austerity by the new government probably dominated any potentially perverse effects of higher real interest rates on debt dynamics.
